In this experiment, the effects of early season boron sprays (300 mgL −1 , two times at the stage of full bloom and petal fall) and postharvest calcium dip treatment (4% w/v) alone or combined were investigated on the cell wall composition and cell wall modifying enzymes and their contribution to fruit ripening and softening behavior of 'Starking Delicious' apple at harvest and after 6 months storage (0 ± 1°C and 95% RH) plus shelf life at room temperature. Ca alone and Ca plus B was effective in delaying fruit softening apparently owing to suppressed pectin solubilisation, pectate lyase (PL), β-galactosidase (β-Gal) and α-L-arabinofuranosidase (AFase) activities were negatively correlated to firmness, thus positively affecting fruit storability. B application did not affect fruit Ca content and the activity of cell wall modifying enzymes, but caused small changes in flesh firmness and ethylene production which was less efficient than Ca dip treatment.
Introduction
To guarantee the provision of high-quality apple fruits in all year round, they are less delivered to the market directly at harvest but are usually stored for up to 6 month periods (Davey et al., 2007) . In Iran, with the production of 2, 799,197 tones (FAOSTAT, 2016) , storage systems to delay ripening of apples through controlling the conditions of storage are less developed, and modification of texture and flavor, as main driver of apple preference, often occur by postharvest processes and storage conditions (Robards et al., 1999) . Apple (Malus domestica Borkh.) flesh firmness is related to juicy and crispy texture, while development of mealiness, characterized by the sensation of starch-like texture and lack of juiciness, can result from soft apple.
Softening of fruit tissue is one of the major modifications occurring during ripening process of apple, leading to reduction of flesh firmness, facilitating physical damage and pathogen infections during handling and extended storage. Fruit softening is mainly associated to degradation of middle lamella and to modifications in cell wall polymer composition and structure (Wei et al., 2010; Ortiz et al., 2011a) , made up of xyloglucan-cellulose microfibrils inserted in a matrix of pectic polysaccharides and structural proteins (Ortiz et al., 2011a (Ortiz et al., , 2011b Gwanpua et al., 2014) . During ripening, hemicellolosic and pectic polymers of cell wall undergoes substantial structural modifications by the action of various enzymes localized in cell wall, leading to a reduction in cell-to-cell cohesion, which subsequently influence cell wall rigidity and result in loss of fruit firmness . Pectin features and thereby fruit textural characteristics are also influenced by the degree of pectin methylation (Ortiz et al., 2011a) . During maturation and ripening of fruit, pectin degradation catalyzed by pectinmethylesterase (PME; EC 3.1.1.11) may delay softening, due to cross-linkages between demethylated carboxyl groups with divalent cations such as calcium, which results in fortified cell wall integrity and diminished cell wall permeability (Ortiz et al., 2011a) . Boron (B) and calcium (Ca) supposed to contribute in maintaining cell wall structural integrity and rigidity as well as plasma membrane function due to their capability to interact with pectic polymers in the cell wall matrix (Singh et al., 2012) . Therefore, B and Ca applications could probably delay flesh firmness reduction and prolong shelf life of apples, and thus positively affecting fruit texture as one of the main characteristics contributing to apple acceptance by consumers (Ortiz et al., 2011a; Singh et al., 2012) .
In Iran many of the soils on which apples are commercially grown are coarse-textured soils deficient in organic matter content with high pH (Malakouti and Motasharezadeh, 2000) , and therefore susceptible to B deficiencies (Shorrocks, 1997) . Because of a narrow threshold between B optimal and excessive levels in most plant species (Gupta et al., 1985) , foliar spray is reportedly most customarily used method, to avoid B phytotoxicity (Wojcik, 2006) . Moreover, apple trees seem to benefit more from foliar B application due to high phloem B mobility (Fernández and Brown, 2013) . Application of calcium chloride (CaCl 2 ), as a naturally occurring compound, edible and inexpensive has authorized by the U.S. Food and Drug Administration (Saftner et al., 1998) . The most common ways to increase tissue Ca concentration include spraying the plant with Ca, adding Ca fertilizers to soil, active infiltration procedures (pressure and vacuum) and postharvest Ca dip treatment. It has been reported that postharvest dip treatment to increase fruit tissue Ca content is more successful than the aforementioned methods, because of not including fruit injury and deleterious effect on consumer acceptance, depending on Ca formulation and concentration (Conway et al., 2001) .
There are many studies evaluating the impacts of Ca application on fruit firmness and changes in expression and activity of a group of cell wall modifying enzymes (Kittemann et al., 2009; Wei et al., 2010; Dheilly et al., 2016) , and few studies have focused on the contribution of these modifying enzymes in the structure of cell wall polymers Ortiz et al., 2011a Ortiz et al., , 2011b Gwanpua et al., 2014) . However, there are no up-to-date studies reporting the effect of Ca application along with B on cell wall compositional changes and associated enzyme activities in 'Starking Delicious' apple, and its contribution to fruit ripening and softening behavior, and thereby storability. To address this, the impacts of B, CaCl 2 and B + CaCl 2 treatments on cell wall metabolism of 'Starking Delicious' apple were investigated. A 10 d shelf life at room temperature (20-23°C) right after harvest and removal from cold storage was selected to simulate the usual marketing time and ultimate firmness getting to potential consumers.
Materials and methods

Experimental site
The study was implemented in a commercial apple orchard in 2017 located in Damavand region, Tehran, Iran. The experimental orchard had a sandy clay loam soil and a pH of 8 with a content of 0.16% total nitrogen, 1.87% organic carbon, 59 and 1.21 mg kg -1 of available phosphorus and boron, as well as 6, 5.3 and 44 cmol(+) kg −1 exchangeable potassium, magnesium and calcium, respectively. The trees were planted at 2 × 3.5 spacing and irrigated by a permanent undertree sprinkler system. Both chemical (herbicides) and physical methods were used to keep a weed-free strip along the tree rows. Fruits were thinned chemically and manually, and fertilizers applied according to commercial practice. The experiments were conducted on 'Starking Delicious'/ MM106 apple planted in spring 2003. 24 trees were selected to be uniform as possible, and distributed at four treatments (each 6 trees were divided at three replicates).
Pre-harvest treatment
The trees were sprayed with B as boric acid (H 3 BO 3 , Merck, D-6100 Germany) at concentration of 0 (control) and 300 mg L −1 , two times per season: at the stage of full bloom and petal fall, according to the recommendations for apple under conditions of soil B deficiency (Beers, 1990; Peryea and Drake, 1991) . The treatment solutions were sprayed in the morning with a high-pressure orchard handgun sprayer at a rate of 1000 l ha −1 . The control trees included in the experiment were sprayed only with water.
Post-harvest treatment and sampling dates
Fruits from B-treated and untreated trees were picked at commercial maturity (29 September) in the morning and transported to the University of Tehran. Immediately after harvest, the uniform, defectfree and sound fruits with pedicel were divided into 4 groups, two of which were dipped in 0 (control) and 4% (w/v) CaCl 2 (Merck, Germany) solution (Sams et al., 1993; Conway et al., 1994; ) for 5 min at 20°C and then held at room temperature to surface dry. All of the treatments, control (CT), boric acid (B), calcium chloride (Ca) and boric acid + calcium chloride (B + Ca) were placed in cold storage at 0 ± 1°C (90-95% RH) for 6 months (180 d). The sampling dates were at harvest followed by 10 d shelf-life at room temperature (20-23°C) for the control (CT) and boron (B) groups, and after 6 months in storage followed by shelf life for 10 d, for all treatments.
Calcium content
Ca content in fruit tissue was determined after 10 days at room temperature (20-23°C) following harvest and storage at 0 ± 1°C, based on Ortiz et al. (2011a) , with minor alterations. Six fruits from each treatment were chosen, rinsed with deionized water, oven-dried at 75°C for 120 h, and ground to pass through a 40-mesh screen. Grounded sample (1 g) was ashed, digested in 4 m HCl: water (1:1 v/v), and heated at 70°C until the sample was completely dehydrated. The dried sample was suspended in 2 ml HCl: water (1:1 v/v) for 20 min and filtered using a 'Wathman 40 Ashles'. The samples were then analyzed by inductively-coupled plasma spectroscopy, and the results stated as mg 100 g FW −1 .
Determination of Ethylene production rate and flesh firmness
Ethylene production was measured by a gas chromatograph, in fruits incubated in special polyethylene containers with specified volume for 2 h at 20°C. Then the head space was injected with a 1 ml syringe into the GC, and the result stated as μL kg −1 h −1 . Flesh firmness (FF) was measured on two opposite sites on the peeled fruit, using a hand held penetrometer equipped with a tip radius of 11 mm (FDK32, Wagner, USA), and the results stated as Newton (N).
Cell wall material extraction and fractionation
For extraction of cell wall materials, freeze-dried flesh tissue (3 g) was homogenized with 20 ml phenol: acetic acid: water (2:1:1, w/v/v) (PAW) for 20 min and centrifuged (4000 g, 45 min). Then the supernatant resuspended in 10 ml H 2 O and centrifuged again. To determine the yield of cell wall material (CWM), the pellet was washed in acetone, filtered and weighed, and the results stated as percent (%, w/w) FW. For additional fractionation, the filtrate was subsequently extracted with water, 0.05 M cyclohexane-trans-1, 2-diamine tetra-acetate (CDTA) and 0.05 M Na 2 CO 3 , corresponding to water-soluble pectin, non-covalently bound pectin and covalently bound pectin fractions, respectively (Selvendran and O'Neill, 1987).
Cell wall enzyme extraction and analysis of activity
For analysis of cell wall enzymes, freeze-dried flesh tissue (3 g) was homogenized with 6 ml of cold extraction buffer (pH 5.2), and centrifuged (12,000 g, 10 min), according to Zhou et al. (2000) method.
The supernatant was used for analysis of pectinmethylesterase (PME; EC 3.1.1.11), polygalacturonase (PG; EC 3.2.1.15), pectate lyase (PL; EC 4.2.2.2), β-galactosidase (β-Gal; EC 3.2.1.23) and α-L-arabinofuranosidase (AFase; EC 3.2.1.55). The amount of enzyme that required releasing of 1 μmol of carboxyl group min −1 was defined as one unit of PME activity. The amount of enzyme that produced 1 μmol of reducing groups min −1 was defined as one unit of PG activity. The amount of enzyme that increases in absorbance at 550 nm min −1 was defined as one unit of PL activity. The amount of enzyme that hydrolyses the liberation of 1 μmol p-nitrophenol min −1 was defined as one unit of β-Gal activity (Gwanpua et al., 2014) . The amount of enzyme that hydrolyses the liberation of 1 μmol p-nitrophenol min −1 was defined as one unit of AFase activity (Gwanpua et al., 2014) . Bovine serum albumin (BSA) was used as a standard for determination of total protein content in the enzyme extracts (Bradford, 1976) . PME, PG, PL, β-Gal and AFase activities were expressed as U protein mg −1 .
Experimental design and statistical analysis
The data were analyzed as a randomized complete block design (RCBD). Data were statistically evaluated by the GLM procedure of the SAS 9.2 software package (statistical analysis system; SAS Institute Inc., Cary, NC, U.S.A.), and means were compared by Tukey test with differences considered significant at the 5% level. XLSTAT version 2018.1 software (Microsoft Excel) was used to associate a matrix of dependent variables (Y) to a group of explanatory variables (X) by developing partial least squares regression (PLSR) as a predictive method.
Results and discussion
Firmness and cell wall characterization
Calcium content in cortical tissue of apple fruit was significantly higher in Ca and B + Ca treatments compared to the control (Table 1) . Non-significant differences in calcium concentration were observed between the control and B treatment, but still was higher in fruit from B-treated trees, in contrast to Wojcik and Wojcik (2003) for 'Conferance' pear, where foliar B application increased Ca content in fruit. This result confirms the efficacy of postharvest CaCL 2 dip treatment to increase calcium concentration of fruit to an adequate amount with propitious outcome, and agrees with previous works (Ortiz et al., 2011a) . After cold storage, fruit treated with Ca (Ca and B + Ca treatments) was characterized by significantly lower ethylene production during the shelf life period, but B application alone did not affect ethylene production, in agreement with the results reported by Peryea and Drake (1991) for apple ( Fig. 1A and B ). This positive effect of calcium in reduction of ethylene production rate on apples has been also reported by Saftner et al. (1998) . According to Ortiz, Graell, and Lara (2011a) lower ethylene production in Ca-treated fruit may be due to its contribution in the maintenance of cell membranes, hence delaying ACO-catalyzed conversion of ACC into ethylene.
In all treatments flesh firmness significantly decreased during cold storage (Fig. 2) . After cold storage, Ca-treated fruit (Ca and B + Ca treatments) had the highest flesh firmness, followed by B-treated fruit. During the shelf life period subsequent to storage, flesh firmness decreased in all treatments but significant reduction was observed only in the control. This positive effect of Ca on firmness has been widely reported (Saftner et al., 1998; Kittemann et al., 2009; Ortiz et al., 2011a; Torres et al., 2017) . According to Manganaris et al. (2007) and Saba and Sogvar (2016) , suggested scenario, the higher flesh firmness in Catreated apple fruit may be result from Ca pectate formation through reaction of Ca +2 with pectic acid which enhances molecular bonding between cell wall components may have been achieved by higher free calcium content and cell wall bound calcium. Also, B-treated fruit was firmer and softened slower compared to the control, however this effect was detected only during the shelf life subsequent to storage, at advanced ripening stage, but was much less efficient than Ca.
In all treatments cell wall material (CWM) decreased during cold storage (Table 2) . However, after cold storage, Ca-treated fruit (Ca and B + Ca treatments) exhibited the highest CWM, followed by B-treated fruit. The control fruit exhibited the lowest CWM after storage. The content of CWM decreased during the shelf life period in all treatments, exclusive of Ca-treated fruit (Ca and B + Ca treatments), where nonsignificant reduction was observed, may be associated to higher flesh firmness. Solubilisation of cell wall materials increased during storage as expressed in W sf , with the lower yields of W sf in Ca-treated apples (Ca and B + Ca treatments) ( Table 2 ). The yields of W sf increased during the shelf life period, but statistically significant enhancement was observed only in stored apples for the control and B treatments. Nonsignificant differences in the W sf yields were observed between control and B treatments throughout the experiment. The changes either in CWM or the W sf yields were not generally consistent with the differences in flesh firmness measured during storage and specially shelf life period (Fig. 2) . According to reports by other researchers (Ortiz et al., 2011a (Ortiz et al., , 2011b (Ortiz et al., , 2010 Gwanpua et al., 2014; Dheilly et al., 2016) fruit softening may be more associated with compositional and structural changes in pectic polymers and in turn loss of the adhesion between the cells, rather than the total CWM amounts.
The yields of CDTA sf , the chelator-soluble fraction containing the middle lamella pectin, decreased in all treatments (Table 2) . Although, at the end of storage, Ca-treated fruit (Ca and B + Ca treatments) exhibited the highest yields of CDTA sf , followed by apple from B-treated trees. The control exhibited the lowest CDTA sf yields after storage. The amount of CDTA sf yields did not changed significantly during the shelf life subsequent to harvest. However, in all treatments the CDTA sf yields decreased significantly during shelf life subsequent to storage. The control fruits exhibited the lowest CDTA sf yields, followed by fruits from the B, Ca, and B + Ca treatments, in descending order. This is in agreement with Ortiz et al. (2011a) for 'Golden Reinders' apple, where the yields of CDTA sf in fruit from Ca dip treatment were higher Table 1 Effects of foliar B application alone and along with postharvest Ca dip treatment on calcium content (mg 100 g FW −1 ) in the flesh tissue of 'Starking Delicious' apples after 10 days shelf life at room temperature (20-23°C) following harvest and storage at 0 ± 1°C for 6 months. compared to control, suggesting that higher content of chelator-soluble pectins supported by Ca treatment, is a potential factor which results in flesh firmness maintenance (Ortiz et al., 2011a (Ortiz et al., , 2011b . In all treatments the Na 2 CO 3sf yields, the pectin-enriched fraction bounds covalently to the cell wall, decreased during storage, but non-significant differences were observed among treatments (Table 2) . This result is somewhat equal with Ortiz et al. (2011a, 2011b) for apple, where Na 2 CO 3sf yields were totally unaffected by Ca treatment, suggesting the dependency of this trait on the content of polysaccharides. The Na 2 CO 3sf yields decreased during shelf life period, but statistically significant reduction was observed only after storage, exclusive of Catreated fruit (Ca and B + Ca treatments), where the reduction was nonsignificant. This can demonstrate the participation of Ca treatment in conservation of this pectin-containing fraction, which leads to higher chelator-soluble pectins (Table 3) , likely delaying flesh firmness reduction (Fig. 2) . Given to these results, modifications in pectin-enriched Note: CT -Control; B -Acid boric (300 mg L −1 ); Ca -Calcium chloride (4%, w/v); W sfwater soluble fraction; CDTA sfnon-covalently bound pectin; Na 2 CO 3sfcovalently bound pectin fractions.Mean values ± SE (n = 3). The same letters indicate non-significant differences by Tukey-Kramer's multiple range tests at P ≤ 0.05 levels.
Table 3
Effects of foliar B application alone and along with postharvest Ca dip treatment on uronic acid content (% w/w) in pectin-containing fractions isolated from 'Starking Delicious' apples at harvest (0 d) followed by shelf-life at room temperature (20-23°C) (10 d), and after 6 months storage at 0 ± 1°C (0 d) followed by shelf life (10 d). fractions, rather than the total amount of CWM, may be crucial features affecting firmness levels of 'Starking Delicious' apple (Ortiz et al., 2011a (Ortiz et al., , 2011b Dheilly et al., 2016) .
Cell wall modifying enzyme activities
In this study, the activities of different cell wall-modifying enzymes, potentially contributed to cell wall degrading, were measured. Then PLSR models of flesh firmness and cell wall fractions (Y variables), with the activities of all five enzymes (X variables) were developed by using the data (Fig. 3) . Considering the numerous variables presented and the innate variability of fruit researches, this was regarded acceptable (Ortiz et al., 2011a) . From both plots, there were strong and negative correlations between the activities of the β-Gal and AFase, and the W sf yields, representative of solubilized cell wall materials, thereby negative associations to firmness (Fig. 2) . Also, the firmness negatively correlated to the amount of W sf yields. Ripening-related softening of climacteric fruit attributed to the enzymatic cell wall hydrolases (Huber, 1983) , providing monosaccharide substrates for respiration (Dey and Brinson, 1984) . In most fruit, the primary reason of softening during ripening is loss of neutral sugars from side-chains connected to rhamnosyl residues in the backbones of pectic rhamnogalacturonan (Ortiz et al., 2011a) . The modifying of these side-chains contributes to dissolution of pectin, as they covalently bound the backbone of the rhamnogalacturonan to other call wall materials (Huber, 1983; Dey and Brinson, 1984; Ortiz et al., 2011a Ortiz et al., , 2011b , and probably preserve polyuronids from enzymatic disassembly achieved by the control of cell wall porosity and limited access of particular enzymes to their substrates (Ortiz et al., 2011a) .
β-Gal and AFase has been suggested to mediate depolymerisation of pectin by removing galatosyl-and arabinosyl-containing side-chains in rhamnogalacruronan backbone. β-Gal activity decreased significantly during storage in all treatments (Fig. 4A) . At the end of storage, fruit in the Ca-treated fruit (Ca and B + Ca treatments) exhibited the lowest β-Gal activity. Fruit in the control and B treatments exhibited higher β-Gal activity levels and no differences between them were observed. During the shelf life peiod, β-Gal activity increased in all treatments, exclusive of Ca-treated fruit (Ca and B + Ca treatments), where nonsignificant enhancement was observed. These results are somewhat equal with Ortiz et al. (2011a) for 'Golden Reinders' apple, where β-Gal activity in fruit from Ca treatment was lower compared to control. In this study, reduced β-Gal activity during cold storage in Ca-treated fruit indicated that Ca may be a potential factor accounting for fruit softening regulation (Ortiz et al., 2011a) . During cold storage, decreased levels of AFase activity was also observed in Ca-treated fruit (Ca and B + Ca treatments), but increased levels was observed during the subsequent shelf life (Fig. 4B ). Reduced levels of β-Gal and AFase activities in Ca-treated fruit may result in delaying the splitting of ramifications adhered to and involved in conservation of fraction bound covalently to pectin, which was indicated by reverse associations between these enzyme activities and Na 2 CO 3sf yields (Fig. 3) (Ortiz et al., 2011a) . This is in agreement with previous studies for different apple cultivars, where the relationships between these enzyme activities and neutral sugars freeing from the cell wall have been considered as a reliable indicator to estimate fruits storability (Gwanpua et al., 2014; Ortiz et al., 2011b) . Furthermore, in apple, β-Gal is thought to be multi-functional, and acts synergically in corporation with β-D-fucosidase and α-L-arabinopyranosidase enzymes (Ortiz et al., 2011a) . Both activity and expression of β-Gal and AFase has been supposed to be regulated by ethylene (Ortiz et al., 2011a) , and agrees with the observation of reduced ethylene biosynthesis in Ca-treated fruit (Fig. 1B) .
During cold storage, the highest PME activity was observed in Catreated fruit (Ca and B + Ca treatments) (Fig. 4C ). During the shelf life period subsequent to harvest PME activity increased, but decreased during shelf life in stored fruit for the control and B treatments. PME catalyzes pectin degradation by removing methyl groups from polyuronids, which results in polysaccharide chain with damaged calcium horizontal links, contributing to cell wall degradation during maturation and ripening of fruit (Ortiz et al., 2011a) . This demethylation mediated by PME increases markedly prior to the onset of fruit ripening and next down-regulated by ethylene (Ortiz et al., 2011a) . Accordingly, Ca-treated fruit with the lowest ethylene production (Fig. 1) exhibited the highest PME activity compared to the control. The observation of higher activity of PME in Ca-treated fruit, either after cold storage or during subsequent shelf life, agrees with previous works (Kittemann et al., 2009; Huber et al., 2001) , and could be attributed to different reasons. One possibility could be the degree of fruit development, as Catreated fruits were less developed in ripeness at the time of sampling, and thereby showing higher enzyme activity levels, but by this time the control fruit elapsed its utmost enzyme activity levels (Kittemann et al., 2009) . A second and maybe more appropriate description is that fruit softening may be affected indirectly by the activity of this enzyme (Wei et al., 2010) (Fig. 3) , as fruit from Ca treatment, displaying higher flesh firmness, had higher PME activity. In fact, in Ca-treated fruit reduced levels of β-Gal and AFase might have resulted in better conservation of pectic polymers due to low substrates availability for particular enzymes (Ortiz et al., 2011b) . According to Almeida and Huber (1999) and Ortiz et al. (2011b) activity level of some cell wall modifying enzymes during fruit ripening is associated to modifications in apoplastic pH, which increases during the process and thus expected to affect the activity of those enzymes having a pH optimum out of the existing limit. Furthermore, not only the activity level (Ortiz et al., 2011b) but also the specific mechanism of PME action on pectic polymer is reportedly controlled by apoplast pH (Almeida and Huber, 1999) . In Ca-treated fruit, having lower pH values close to neutrality and higher Ca content compared to the control, PME thought to be act on pectin by singlechain mechanism leading to the distribution of new negative charges, which promotes calcium binding with demethylated pectins, thus contributing to cell wall rigidity and tissue stiffening (Goulao, 2010) . Given to these results, higher yields of CDTA sf (Table 2) in accordance with higher content of uronic acids in the CDTA obtained from these fruits (Table 3) could be related to the preservation of the middle lamella in response to Ca treatment (Ortiz et al., 2011a; Madani et al., 2014) .
Although, PME action could also reduce fruit firmness by stimulating depolymerisation of pectin by activation of PG and PL through cleaving α-(1,4)-galacturonan bonds or β-elimination (Ortiz et al., 2011a) . There are few studies reporting the effect of PL activity on loss of firmness in apple fruit (Ortiz et al., 2011a (Ortiz et al., , 2011b Gwanpua et al., 2014) . In this study, PLSR models indicate positive correlation between PL activity and CWM solubilisation and negative ones with firmness ( Fig. 3 ), suggesting contribution of this enzyme in reduction of flesh firmness during ripening of 'Starking Delicious' apple, and in agreement with previous works (Ortiz et al., 2011a (Ortiz et al., , 2011b . In all treatments PL activity decreased significantly during cold storage, but non-significant differences were observed among all treatments (Fig. 4D) . The PL activity increased during the shelf life period, exclusive of Ca-treated fruit (Ca and B + Ca treatments), maintaining lower PL activity compared to Fig. 4 . Effects of foliar B application alone and along with postharvest Ca dip treatment on β-galactosidase (β-Gal), α-L-arabinofuranosidase (AFase), pectinmethylesterase (PME), polygalacturonase (PG) and pectate lyase (PL) of 'Starking Delicious' apples. Note: Control (CT), 300 mg L-1 boric acid (B), 4% w/v calcium chloride (Ca) and boric acid + calcium chloride (B + Ca). The sampling dates were at harvest (0 d) followed by shelf-life at room temperature (20-23°C) (10 d), and after 6 months storage at 0 ± 1°C (0 d) followed by shelf life (10 d). Values are means of 3 replicates. The same letters indicate non-significant differences by Tukey test at P ≤ 0.05 level.
the control and B treatments. In Banana (Musa acuminata Colla) (Domínguez-Puigjaner et al., 1997; Lohani et al., 2004) and 'Golden Reinders' apple (Ortiz et al., 2011a) PL activity reported to be regulated by ethylene which accumulates during fruit ripening. In apple fruit, MDPL1 clusters homologous genes has also been reported to increases during ripening . In this study, the observation of partially suppressed PL activity could be attributed to reduced ethylene production rates in response to Ca treatment (Fig. 1B) , and in agreement with higher content of uronic acids in Na 2 CO 3sf -soluble fraction in this fruit (Table 3) , displaying higher firmness, suggesting that this enzyme activity potentially involves in cell wall degradation. These results were similar with other studies which found activity or expression of PL is associated with ripening-related softening in a few fruit species such as different apple cultivars (Dheilly et al., 2016; Ortiz et al., 2011a Ortiz et al., , 2011b , strawberry (Fragaria × ananassa Duch.) (Medina-Escobar et al., 1997) , banana (Domínguez-Puigjaner et al., 1997) and nectarine (Ortiz et al., 2010) , and did not agree with the other report for 'Jonagold' apple, where no activity in PL was observed during fruit postharvest ripening (Gwanpua et al., 2014) . PG activity decreased in all treatments during cold storage (Fig. 4E ). However, after storage, fruit from the Ca treatment exhibited the lowest PG activity, followed by the B + Ca and B treatments. During the shelf life period, PG activity increased in all treatments, exclusive of Ca-treated fruit. The observation of lower PG activity in treated apples could be attributed to higher content of uronic acid in the CDTA sf in these fruits (Table 3) , and therefore to lower softening (Fig. 2) . The control fruit had the highest PG activity either after cold storage or during the shelf life period. This result is somewhat equal with Ortiz et al. (2011a) for 'Golden Reinders' apple, where suppressed increases in PG activity was observed in Ca treated sample, and in contrast to Kittemann et al. (2009) for 'Elstar' apple, where PG activity was unaffected by Ca treatment.
Conclusions
Results of the present study revealed that CaCl 2 alone and CaCl 2 plus boric acid (B) were effective in delaying fruit softening appeared to be related to 1) somewhat inhibited levels of some cell wall degrading enzyme activities, which presumably resulted in delayed cell wall depolymerisation, 2) limited availability of substrates for particular enzymes resulted from reduced β-Gal and AFase activities, or 3) through apoplast pH arose primarily from delayed ripening and reduced ethylene production, and/or charge modifications due to changes in PME activity, thus positively affecting fruit storability. B is regarded to be the nutrient that interacts with Ca (Huang and Snapp, 2004) which may increase fruit Ca content. However, in this study on 'Starking Delicious' apple no such positive effect of foliar B application at the time of tree development was noticed, and no significant effect on the activity of cell wall modifying enzymes was found, either. The application of B only led to small changes in flesh firmness and ethylene production which were less efficient than CaCl 2 dip treatment.
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